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ARMY MATERIALS AND MECHANICS RESEARCH CENTER

SOME EFFECTS OF POWDER PARTICLE SIZE ON THE PHYSICAL BEHAVIOR
OF PRESS-FORGED BERYLLIUM

ABSTRACT

Powder metallurgy beryllium generally contains an oxide dispersoid, due
to particle surface scale, and thus the material actually is a system subject
to particle strengthening. The present report shows a dependence of stremgth
on raw powder particle size and also on thermal history.




INTRODUCTION

Powder metallurgy beryllium differs from ingot beryllium particularly in
oxide content and, as a result, microstructures of the massive materials differ
significantly.! 1In general, the oxide appears as a dispersoid in network-like
configuration, distributed throughout. Principally, it has been known to act

' as a barrier to grain growth, characterizing powder metallurgy material by
grain size considerably finer than that of ingot material. An important result
has been grain refinement strengthening and, in addition, dispersed particles
have shown some influence on fundamental deformation behavior of the matrix
material. Thus, the dispersoid, which actually occurs inadvertently as a re-
sult of powder surface oxidation, is known to be particularly relevant to
mechanical behavior and is recognized as an important materials parameter.
However, more exact characterization is necessary for more effective utiliza-
tion and greater understanding of the particle-matrix relationship will be
helpful to further guidance. The present report gives some experimental data
that contribute in part to the subject.

PROCEDURE
The material examined in this investigation was an industrial-grade
electrolytic powder, having the impurity analysis shown in Table I. Powders

Table 1. IMPURITY ANALYSIS OF
ELECTROLYTIC BERYLLIUM POWDER

Impurity ppm Impurity ppm Impurity PpPmM Impurity | ppm

Iron 300 | Sodium <100 Silicon 25 | Copper 7
Carbon 260 | Zinc < 80 Titanium <25 | Silver <3
Chlorine 200 | Calcium 30 Lead <15 [Cadmium | <2
Nickel 140 | Chromium 25 Molybdenum | <15 | Boron <1

Aluminum |} 110 | Magnesium 25 Manganese i1

BeO 1.91% for -43 micron powder; 2.2% for -20 micron powder

were attritioned by conventional procedure, and then were sized nominally to
fractions of -43 micron and -20 micron particles. The object in this case
was to alter oxide distribution without large change in oxide content. The
actual increase was from 1.91 to 2.2 percent (Table I) by removing the 43 to
20 micron fraction of metal powder in this way. The powders were hot pressed
to block, and then cubes of 2-inch dimension were press forged to 1/2-inch
plate as shown in Figure 1. Forging was performed at specific temperatures

' as given in Table II, and then additional heat treatment, associated with
solution and precipitation of certain metallic impurities, was applied.2"?
Possible changes of this kind were followed by precision electrical resis-
tivity measurement along the gage length of tensile coupons of l-inch length
(about 2.5 cm) and about 0.030-square inch cross section, (about 19 sq mm)
later tested in tension. Measurement was at room temperature only, the ob-
ject being to note relative changes that might associate metallic impurity
with mechanical behavior. The resistivity measurement was accomplished with
s Kelvin bridge capable of 10°® ohm resolution, but it was found that general
experimental deviation of the order of 1 percent of the mean could occur,
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Figwe |. PRESS-FORGED BERYLLIUM, SHOWING STARTING BLOCK AND
PLATE FORGED AT VARIOUS TEMPERATURES

19.066-1778/AMC 45

The possible influence of the above-described variations on uniaxial ten-
sile properties, impact behavior, and hardness then was examined. Tensile
samples of the size indicated were tested with an extensometer attached, dura-
tion of the test being of the order of minutes. Impact test bars, in smooth
simple-beam configuration, were struck by a swinging pendulum and the total
energy for fracture was recorded. Samples were of 0.394-inch square cross
section (about 1 cm) and 1-5/8-inch span (about 4 cm), and the estimated rise
time to fracture was of the order of milliseconds. Finally, hardness indenta-
tions of Rockwell B nomenclature were taken on both tensile and impact test

samples.

RESULTS

Impact strength was found to be influenced by powder particle size as
indicated in Figure 2. The -20 micron material exhibited considerably greater
resistance to impact than the -43 micron material, but this behavior was con-
fined to the lower end of the processing temperature scale employed. Heating

2




Table I1I. PHYSICAL PROPERTIES OF
FORGED ELECTROLYTIC BERYLLIUM POWDER BLOCK
_Frominn lE mpact ;zvmn Pmm:; "
emper- ioi nergy - Rock: esistivity **
ature Additional f2-4b) VETTE [Eon] VA 75 [Eion | Heronest | (micronm em)
degF | degC| Treatment (20 | 4344 | (ki) | (ksil { (%) | tksil [tk | (%) [20u [ 434 {204 [0
1400 | 762 | As forged 428 | 448
Agedtt 308|225 | 54.1|858{ 18 [349 [656.2] 60 [91.2 | 90 | 427 | 428
Solutionized?® | 42| 54 | 42.1|64.2] 2 |329 |ea2| 50 880 | 87 | 430 | 4%
1600 | 871 | As forged 452 | 408
Aged 310| 145 | 41.6{71.9] 7 (449 |706]| 80 [89.2 | 885 | 458 | 39
Solutionized 40| 86 | 365/668 5 [39.8 (657.1| 1.0 |87.5 | 865 | 448 | 4.18
1800 | 982| As forged 442 | 400
Aged 168} 96 | 36.1)00.4| 5 [36.2]708|120 |87.0 | 86.0 | 448 | 390
Solutionized 70| 73 | 338|624] 4 [35.2]6a8]| 30 |882 | 865 | 461 | 408
1900 | 1038| As forged 432 | 498
Aged 130]| 121 | 38.7|706| 10 |31.4 |68.2| 27 |855 | 855 | 446 | 407
Solutiomzed 96| 89 | 348[730[ 11 |285(60.7| 46 [86.0 | 850 | 448 | 425
Haeet trestment: Homogenized, 1900 F {1038 C), in , 8 hours, cooled in flowing srgon, before forging.

*Smooth test

tAverage of two observations.

tAverage of at lsast four obeervations.
**Aversge of st least six observations.

bars. Average of at lsast two obssrvations.

111400 F (762 C) in vacuum, 8 hours, furnace cooled.
111900 F (1038 C) in vacuum, 6 hours, cooled in flowing srgon.

at higher temperatuves, whether for
forging or other thermal treatment,
is seen generally to have nullified
the effect. Tensile strength,
given in Figure 3 shows trends of
the same kind, but to far lesser
extent on the respective ordinate
scales employed. This behavior is
reflected also for hardness, given
in Figure 4, It is seen that the
=20 micron material was always the
harder by a small but measurable
increment, and that the general
loss in strength associated with
thermal history was accompanied by
loss in hardness.

In general, the higher values
of impact strength were coincident
with a greater degree of plastic
deformation on impact. The limits
experienced are illustrated in
Figure 5 with samples of about 30
and 3 foot-pound impact strength
level. While the difference in
plastic deformation appears small
in the figure, the numerical dif-
ference in absorbed impact energy
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Figure 2. IMPACT RESISTANCE OF
FORGED BERYLLIUM POWDER BLOCK
19-066-323/AMC 48
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Figure 3. YIELD AND TENSILE STRENGTHS OF

FORGED BERYLLIUM POWDER BLOCK
19-066-3 19/AMC 48

7 20 Micron 1400 F Treatment

m=eae [900 F Treatment

”» '-_ch
; «20 Micron
al =
= =43 Micron
g oo
[ -
! | 1 1 1 1
or 1400 1600 1800 2000
1 1 )| i 1 1 1 -
°c 800 900 1000 1100

Forging Temperature

Figure 4. HARDNESS OF FORGED
BERYLLIUM POWDER BLOCK
19-006-324/AMC 48

is seen to have been relatively
great, Thus, it seems reasonable
that further marginal increases in
ductility could be of magnified
significance to impact behavior of
this kind. Fracture markings in

all samples were indicative generally
of brittle fracture as shown by a
typical macrofractograph in Figure 6,
Yet, some change toward & more
"ductile' appearance, as well as the
appearance of some crack arrest, is
observed on the compression side of
the test bar. For beryllium, it is
known that suppression of fracture
can result in increased slip activ-
ity, and the preceding probably is
such an example.

Photomicrographs showing dis-
persoid (in bright light) and grain
structure (in polarized light) are
presented in Figure 7. This metal-
lography shows little distinction
between the two powder materials
with respect to general dispersoid
configuration, but it is known that
very small oxide particles must be
more profuse in the -20 micron ma-
terial. Also, grain sizes appear
nearly equivalent, and it is signif-
icant that the relatively large
differences in impact strength were
not accounted for by this factor,

Precision electrical resistiv-
ity data given in Table II show that
the metallic impurity present (Table
1), did not undergo sogutionizing
and aging reactions that resulted
in measurable changes in the elec-
trical resistivity. This is con-
cluded from the general lack of
distinction betwen aged and solu-

tionized conditions, as well as between the processing temperatures shown,
Considerable variability between some groups is seen, but without specific

relation to mechanical behavior.

This might be an indication that the dis-

tribution of impurity in the parent block material was not uniform, although
the extent involved is insensitive to the present mechanical testing.
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Figure 5. DUCTILITY IN BERYLLIUM IMPACT TEST BARS
19-066-321/AMC 48
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Figwe 4. TYPICAL MACROFRACTOGRAPH,
BERYLLIUM IMPACT TEST BAR
19-064-320/AMC-68

With metallic impurity seen to have been of negligible consequence, within
the present scope, mechanical behavior must have been influenced principally
by the oxide dispersoid. Results are as though they were influenced by s con-
dition of continuity or adhesion between particle and matrix that was subject
to disruption by the temperature experienced, the effect incressing with tem-
persture. Loss of this adhesion should not affect resistivity measurably, but
should affect strength, which is exactly in accordance with the data that have
evolved. Thus, the possibility of some form of continuity between the beryl-
1is particle and the bexyllium matrix, though apparently unusual, is indicated.

be
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Figure 7. MICROSTRUCTURES OF BERYLLIUM IMPACT TEST BARS.
Left shows disparsoid, right shows grain structure. Mag. SOOX.
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SUMMARY AND REMARKS

The oxide dispersoid in powder metallurgy beryllium, which is known to
be an important constituent with respect to mechanical behavior, was related
further with strength, hardness, and process history. The dispersoid was
seen to have been influential beyond its effect in grain refinement strength-
ening. Further understanding should lead to more effective use of the param-
eters involved. The possibility of some form of adhesion between particle
and matrix has been indicated, though this concept of a nondefornable particle,
particularly of the beryllia-beryllium system, appears unusual. Unquestion-
ably, the particle must play a fundamental role in the fracture process, in
crack origin as well as crack propagation. Particles are not in uniform
dispersion, but are concentrated in network-like zones, predominantly in the
vicinity of grain boundaries, as indicated in Figure 7. These zones are in
greater resemblance to the aggregate structure of this class of materials
than the disperse structure, which in itself is seen to be a strengthening
factor.8:? 1If crack oriﬁin is at grain boundaries, as has been indicated in
some bicrystal studies,!’ then the role of the dispersoid is emphasized.
However, electron micrography in other work has shown very small oxide parti-
cles, in considerable numbers, within grains also.!! Apart from these
observations that indicate the need for understanding of particle-matrix
relationships, additional empirical data, based on rethods generally employed
for this class of dispersion-strengthened system, may lead to significant
development of powder metallurgy beryllium.

ACKNOWLEDGMENT

The author is grateful to Dr. K. J, Tauer and Mr. L. R. Aronin of AMMRC
for helpful discusssions regarding electrical resistivity measurement and
interpretation of data.




10.

11.

LITERATURE CITED

HAUSNER, H. H. Powder Metallurgy of Berylliwm. Chapter A, from "Beryllium,
its Metallurgy and Properties", U. of Cal. Press, 1965.

MASH, D. R. Aging Effects in Berylliwm. Trans. AIME, v. 203, 1955, p. 1235.

[ 4

GELLES, S. H. Aging Effects in Beryllium. J. Metals, v. 12, 1960, p. 789.

ROOKSBY, H. P. Intemmetallic Phases in Commercial Berylliwm. J. Nuclear
Materials, v. 7, no. 2, 1962, p. 205.

MEREDITH, J. E. and SAWKILL, J. A Precipitation Reaction in Caommercially
Pure Beryllium. Chapman and Hall, 1963.

CARRABINE, J. A. Termary Phases in Commercial Berylliwm. J. Nuclear
Materials, v. 8, no. 2, 1963.

MOORE, A. Mechanical Properties of Beryllium as Affected by Heat Treat-
ment Above 700 C. J. Nuclear Materials, v. 3, no. 1, 1961, p. 113.

GUARD, R. W. Mechanieme of Fine Particle Stremgthening. Chapter 9,
"Strengthening Mechanisms in Solids", ASM, 1962,

GRANT, N. J. Dispersion Strengthening. Chapter 3, "Strengthening Mech-
anisms", Twelfth Sagamore Army Materials Research Conference, 1965.

ARONIN, L. R.,, DAMIANO, V. V., et al, Berylliwm Bicrystal Studies.
AFML-TR-65-252, June 1966.

MORICEAUX, J., LOGEROT, J. M., and CROUTZEILLES, M. Influence of the
Distribution of Jxide and of the Total Impurity Level on Recrystallisation
and Grain Growth of Beryllium. ASD-TDR-62-509, February 1965.




-

vV PR

SRR TP I IR FOr-. « = 3 r NS =<

P

ARMY MATERIALS AND MECHANICS RESEARCH CENTER
WATERTOWN, MASSACHUSETTS 02172

TECHNICAL REPORT DISTRIBUTION

Report No.: AMMRC TR 68-08 Title: Some Effects of Powder Particle Size

May 1:48 on the Physical Behavior of Press-
Forged Beryllium

No. of
Copies To

20

Office of the Director, Defense Research and Engineering, The Pentagon,
Washington, D. C. 20301
ATIN: Mr. John C. Barrett, Rm. 3D-1085

Commander, Defense Documentation Center, Cameron Station, Building 3,
5010 Duke Street, Alexandria, Virginia 22314

Defense Metals Information Center, Battelle Memorial Institute,
Columbus, Ohio 43201

Chief of Research and Development, Department of the Ammy,
Washington, D. C. 20310
ATTN: Physical and Engineering Sciences Division

Commanding .cer, Army Research Office (Durham), Box OM,
Duke Station, Durham, North Carolina 27706
ATIN: Information Processing Office

Commanding General, U. S. Army Materiel Command,
Washington, D. C. 20315
ATTN: AMCRD-RC-M

Commanding General, Deseret Test Center, Fort Douglas, Utah 84113
ATTN: Technical Information Office

Commanding General, U. S. Army Electronics Command,
Fort Mommouth, New Jersey 07703
ATTN: AMSEL-RD-MAT

Commanding General, U. S. Army Missile Command, Redstone Arsenal,
Alsbama 35809
ATTN: Technical Library

Commanding General, U. S. Ammy Munitions Cosmand,
Dover, New Jersey 07801
ATIN: Technical Library




No. of
Coples To

L o~ ———r o o Wi T & s

Commanding General, U. S. Army Satellite Communications Agency,
Fort Mommouth, New Jersey 07703
ATTN: Technical Document Center

Commanding General, U. S. Army Tank-Automotive Command,
Warren, Michigan 48090
ATTN: SMOTA-RTS, Tech Data Coord Br

Commanding General, U. S. Army Weapons Command, Research and
Development Directorate, Rock Island, Illinois 61201
ATTN: AMSWE-RDR

Commanding General, White Sands Missile Range, New Mexico 88002
ATTN: STEWS-WS-VT

Commanding Officer, Aberdeen Proving Ground, Maryland 21005
ATTN: Technical Library, Building 313

Commanding Officer, Frankford Arsenal, Bridge and Tacony Streets,
Philadelphia, Pennsylvania 19137
ATIN: Library Branch C 2500

Commanding Officer, Department of the Army, Ohio River Division
Laboratories, Corps of Engineers, 5851 Mariemont Avenue,
Cincinnati, Ohio 45227

ATTN: ORDLB-TR

Commanding Officer, Picatinny Arsenal, Dover, New Jersey 07801
ATTN: SMUPA-VA6

Commanding Officer, Redstone Scientific Information Center,
U. S. Atmy Missile Command, Redstone Arsenal, Alabama 35809
ATTN: AMSMI-RBLD, Document Section

Commanding Officer, Watervliet Arsenal, Watervliet, New York 12189
ATTN: SWEW-RDT, Technical Information Services Office

Commanding Officer, U. S. Ammy Aviation Materiel Laboratories,
Fort Eustis, Virginia 23604

Commanding Officer, U. S. Army Aviation School Library,
Fort Rucker, Alabama 36360
ATTN: USAAVNS-PENRI

Commanding Officer, USACDC Ordnance Agency, Aberdeen Proving Ground,
Maryland 21005
ATIN: Library, Building 305




AT, W AR TN RTTINE R

%
i
..
No. of
Copies L To
Commanding Officer, U. S. Amy Engineer School, g
Fort Belvoir, Virginia 22060 5
1 ATIN: Library 3
S
Director, Naval Research Laboratory, Anacostia Station,
Washington, D. C. 20390 i
1 ATIN: Technical Information Officer §

e e N

s s Pt

-y

s s Bt b Y

73

Chief, Office of Naval Research, Department of the Navy,
Washington, D. C. 20315
ATIN: Code 423

Air Force Materials Laboratory, Wright-Patterson Air Force Base,
Ohio 45433
ATTN: APML (MAA)

APML (MAT)

APML (MAM)

APML (MAN)

U. S. Atomic Energy Commission, Office of Technical Information
Extension, P. O. Box 62, Oak Ridge, Tennessee 37830

National Aeronautics and Space Administration, Washington, D. C. 20546
ATTN: Mr. B. G. Achhammer

Mr. G. C. Deutsch

Mr. R. V. Rhode

National Aeronautics and Space Administration, Marshall Space Flight
Center, Huntsville, Alabama 35812
ATIN: R-P&VE-M, Dr. W. R. Lucas

M-FRAE-M, Mr. W. A. Wilson, Building 4720

National Academy of Sciences, Materials Advisory Bosrd, 2101 Constitution
Avenue, N. W., Washington, D. C. 20418
ATIN: Dr. J. R. Lane

Commanding General, Army Materials and Mechanics Research Center,
Watertown, Massachusetts 02172
ATTN: AMXMR-AT

AMXMR-AA

AMXMR-RP

AMXMR~RX

Author

TOTAL COPIES DISTRIBUTED

e




e G L T, W 25 T oty

UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clossifisation ol titie, bady of ab and ind Mmuat be entered when the overel! report ie clesasified)

1. ORIGINATIN G ACTIVITY ‘Corporete author) 20. REPORT SECURITY C LASSIFICATION

Army Materials und Mechanics Research Center Unclassified

Watertown, Massachusetts 02172 26 emous

3. AEPORT TITLE

SOME EFFECTS OF POWDER PARTICLE SIZE ON THE PHYSICAL BEHAVIOR OF PRESS-FORGED
BERYLLIWM

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

8. AUTHON(S) (Last name. firet neme, initial)

Greenspan, Jacod

6. REPORT DATE 78 FTOTAL NO. OF PAGES 7b. NO. OF REFS
11
0a. CONTRACT OR GRANT NO. 98. ORIGINATOR'S ARPOAT NUMBEN(S)
& Prosscy No.  ]1C0O24401A328 AMMRC TR 68-08
e AMCMS Code 5025.11.294 [ 13 a"r.uln n,-oav NO(S) (Any ather numbere that may be assigned
d.

10. AVAILABILITY/LIMITATION NOTICES

This document has been approved for public release and sale; its distribution is
unlimited.

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

U. S. Ammy Materiel Command
. Washington, D. C. 20315

A

19 ASSTRACT T poyger metallurgy bervllium generally contains an oxide dispersoid,

due to particle surface scale, and thus the material actually is a system subject
to particle stmgthen'ing. The present report shows a dependence of strength
on raw powder particle size and alsc on thermal history. (Author)

—

DD ... 1473

Secutity Classification




—-— R o

e - g

Secunty &‘assn.‘xcahon

14,
XEY WORDS

LINK A LiNng 8 LINK C

AOLE wT ROLE wT noLE ~T

Beryllium
Cracking

Dispersoids

Hardness

Impact strength
Ingots

Mechanical properties
Microstructure
Oxides

Particle size

Powder metallurgy
Tensile properties
Thermal history

1. ORIGINATING ACTIVITY: Enter the name and sddress
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organizati porate suthor) i i
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
‘““‘Restricted Data” is included Marking is to be in sccord
ance with appropriate security regulations.

28, GROUP: Automastic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, whan applicable, show thst optional
mackings have been used for Group 3 and Group 4 as suthor-

o

ized

3, REPORT TITLE: Enter the complete repost title in all
capital letters. Titles in all hould be 1essified

If » meaningful title cannot be selected without classifice-

tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If eppropriste, enter the type of
report, e.g., interim, progress, summary, snnuel, or final.
Give ﬂ.: inclusive detes when a specific reporting period is
cover

S. AUTHOR(SX Enter the name(s) of suthor(s) as shown on
or in the report. Enter 1ast name, first neme, middie initial.
If military, show rank ar.d branch of service. The name of

the principal hor is an absolute mi i

6 REPORT DATE: Enter the date of the report as day,
month, year, or month, year. I more than one date appears
on the report, use date of publication.

7e. TOTAL NUMBER OF PAGES: The totsl pege count
should follow normal pagination procedures, i.&., enter the
number of pages containing information

75, NUMBER OF REFERENCES Enter the totsl number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the applicable number of the contract or grant under which
the repont was written

8b, &, & 8d. PROJECT NUMBER: Enter the appropriste
military depantment identification, such as project number,
subproject number, system numbers, task number, etc.

9s. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
snd comrolied by the originating ectivity. This number must
be unique to this report.

95. OTHER REPORT NUMBER(S): If the report has been
assigned sny other report aumbers (either by the originator
or by ihe sponsor), also enter this number(s).

.y

N

10. AVAILABILITY/LIMITATION NOTICES: Enter sny lim-
itations on further disseminstion of the report. other than those
imposed by security classification, using standard statements
such as:
(1) **Qualified req
report from DDC.*’
(2) “Foreign announcement end dissemination of this
report by DDC is not suthorized **

of this

2 may cbiei opi

(3) *“U. 8. Governmemt agenci obtain cepies of
this report directly from D %ﬁﬂtﬂdm
users shell request through

”

(4) **U. 8. military agencies may obtain copiss of this
report directly from DDC. Other qualified users
shell request through

(S) “All distribution of this report is coatrelied Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Techaical
Servi Department of C --.lw.tlclo\lnp‘lk.hdj
cote this fact and enter the price, if known.

1. SUPPLEMENTARY NOTES: Use for edditional explene-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the h end develop Include sddress.

13. ABSTRACT: Enter an abstract giving & brief and factusl
summary of the document indicative of the report, even though
it may also appeor elsewhere in the body of the technical re-
port. If additionsl space is required, s continuation sheet
shall be attached.

It is highly desirable that the abstract of classified re-
ports be unclassified. Each paragraph of the sbetract shall
end ‘with sn indication of the military security classification
of the information in the parsgraph, represented as (TS), (S).
(C), or (U).

Thete is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
ot short phrases that characterize & report and may be used ss
index entries for cataloging the report. Key words must be
selected so that no necurity classification is required. lden-
fiers. such as equipmenmt model designation, trade name, nili-
tary project code name, geographic location, may be used a3
key words but will be followed by an indication of technicsl
context. The assignment of links, rules, and weights is

optionasl.
UNCLASSIF[FD
unity Classification




